The method of creating an in vitro deoxyribonucleic acid (DNA)-replicating system by permeabilizing cells with toluene was first devised by Moses and Richardson (9) for Escherichia coli and later adapted to Bacillus subtilis by Matsushita et al. (7). These studies showed this synthesis to be semiconservative and totally adenosine 5'-triphosphate (ATP) dependent. Genetic studies in B. subtilis showed further that this synthesis occurs only at pre-existing replication forks. Thus, there is no random "repair" synthesis in toluenized cells, nor is there formation of new forks (no chromosome initiation) (White, Matsushita, and Sueoka, manuscript in preparation).
The method of creating an in vitro deoxyribonucleic acid (DNA)-replicating system by permeabilizing cells with toluene was first devised by Moses and Richardson (9) for Escherichia coli and later adapted to Bacillus subtilis by Matsushita et al. (7) . These studies showed this synthesis to be semiconservative and totally adenosine 5'-triphosphate (ATP) dependent. Genetic studies in B. subtilis showed further that this synthesis occurs only at pre-existing replication forks. Thus, there is no random "repair" synthesis in toluenized cells, nor is there formation of new forks (no chromosome initiation) (White, Matsushita, and Sueoka, manuscript in preparation).
In this paper, we further characterize the process of DNA replication in toluenized B. subtilis cells by introducing physical tests for localizing the sites of DNA replication and induced repair synthesis in toluenized cells. These tests allow us to show a physical requirement for replication in toluenized cells that is distinct from repair synthesis. Furthermore, these tests are used to determine the accessibility of the toluenized cell system to proteins as well as small molecules like deoxynucleoside triphosphates. ' 7.4) , and centrifuged in a 12-ml Corex tube for 5 min at 90% maximal speed at room temperature in a Sorvall SPX centrifuge. The cells were then suspended by gentle vortexing in 1.0 ml of phosphate buffer (4 x 109 cells per ml). 10 uliters of toluene was added, and the suspension was agitated at 1 rps for 10 min at 25 C, followed by a 5-min stationary incubation period at 4 C. The toluenized cell preparation was then stored on ice until the 974 (Fig. 1-A2 A detergent (Brij 58) was added in low concentrations to study the effect of' mild disruption on the replication complex in toluenized cells. As shown in Fig. 1 -Bi, the amount of' replication is decreased markedly and the small amount of label that is incorporated can be vortexed from the cells into the supernatant (Fig. 1-B2 [3H]dAMP incorporation occurs with and without ATP in the repair conditions, whereas the control without DNase and PCMB shows no incorporation without ATP (Fig. 2 [168TT] ["4CJthymine for several generations to label DNA uniformly. In Fig. 3A , the total acid-precipitable counts are shown for both 3H and "4C. Incorporation of [3H]dAMP (Fig. 3-Al) is clearly shown in both the presence and absence of ATP under repair conditions. The "C uniform label (Fig. 3-A2 Fig. 2, 168TT ).
This could be the result of degrading some of the DNA with the endogenous ATP-dependent deoxyribonuclease (11) .
Repair synthesis with toluenized cells can occur outside the cell. We can demonstrate that repair synthesis differs from replication in that repair synthesis in toluenized cells can occur without the requirement for cell association. The polymerase I mutant NB841 shows no incorporation under the repair condition of added PCMB and exogenous DNase I (Fig. 4A) . However, when a crude preparation of DNA polymerases from polA+ (168 thy, tryp) cells is added (fraction III), there is a clear stimulation of repair synthesis and an ATP stimulation effect as shown by the total acid-precipitable counts. Fraction III when assayed for polymerase activity without DNA template shows no detectable activity. Therefore, the incorporations shown in Fig. 4 (Fig. 4B) There is evidence that the B. subtilis chromosome has its origin and perhaps the terminus associated with the cell membrane (13) . However, on the basis of our data we cannot determine whether the replication complex itself is membrane associated. A possible alternative explanation for the loss of replication with cell dissociation of DNA could be the simultaneous but independent inactivation of the replication complex under conditions which also dissociate the chromosome from the membrane.
Our studies under the repair condition (2) show that repair synthesis, as well as DNA replication, can be studied in toluenized B. subtilis cells. Furthermore, this repair process is polymerase I dependent and can be stimulated by exogenous DNase. Moses and Richardson (9) have also shown that exogenous DNase stimulates DNA synthesis in toluenized polA+ E. coli cells and suggest this stimulation represents repair synthesis. By simultaneously inhibiting replicative synthesis and adding DNase I, we have clearly demonstrated this DNase stimulation to be repair.
Moses (8) also suggests that DNase penetrates toluenized cells, by showing centrifugation of 95% of the DNase-stimulated acidinsoluble counts. By vortexing the cells (localization test) before centrifugation, we have introduced a more stringent cell association condition and made the case for DNase penetration even stronger. However, this repair synthesis in toluenized cells can occur with the chromosome either associated or dissociated from the cell. If in studying DNA replication, the newly synthesized DNA does not pass the localization test, then repair synthesis should be suspected, especially in studies with wild-type polymerase I+ strains.
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